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The physiology of the thyroid gland has become of increasing
interest to us because of the observations made by Graham3 and the
confirmation by others that the feeding of dried thyroid gland or the
injection of thyroxine would dramatically increase the milk yield
and fat secretion of many dairy cows.
The effect of thyroxine upon the rate of growth and body type
and conformation has been suggested by many studies (see Koger
and Turner6). It is interesting that Andrews and Bullard' found
the fattening of steers to be enhanced, at least for a time, by partial
thyroidectomy. These observations suggest that a slight hyper-
thyroid condition compared to the normal would be favorable for
maximum milk andbutterfat productiion in cattle and for more rapid
growth in a number of species of animals. On the other hand "a
slightly hypothyroid condition would be conducive to fattening. As
intense lactation and rapidity of growth are characteristics of good
dairy stock and fattening is characteristic of beef stock, it would
appear that the normal rate of thyroxine secretion might play an
important role in determining the intensity of milk secretion, on the
one hand, and of fattening qualities of cattle, on the other hand.
To determine the degree of hyperthyroidism necessary for opti-
mum milk and butterfat production and the degree of hypothyroid-
ism necessary for most efficient fattening, it is necessary to determine
the normal rate of thyroxine secretion in individuals and groups of
animals varying in these characteristics. Methods of estimating the
thyroxine secretion of individuals or groups of animals have not
been developed except by replacement therapy in thyroidectomized
animals. The use of thyroid-inhibiting compounds related to thio-
urea permits a new approach to this problem.
Before attempting to apply the method to the larger domestic
animals, it seemed desirajble to test it with various breeds of chickens,
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whose bodily conformation, egg-laying ability, and temperament
indicate that they might differ considerably in thyroxine secretion.
This paper is the first to present data on the rate of secretion of
thyroxine with advancing age in male White Leghorn chickens using
the method suggested bythe study of Mixner, Reineke, and Turner8
in which thiouracil was employed to block the secretion of the thy-
roid glands and thyroxine was administered at varying levels in
an attempt to equal the normal production. The weight of the
thyroid glands isused as a measure ofthe equilibrium between thyro-
trophic hormone production and thyroxine.
Experimental methods
White Leghorn cockerels varying in age by 2-week periods up to 12
weeks served as experimental animals. The chicks were fed a basal ration
like that used by Irwin, Reineke, and Turner.4 The experimental periods
always lasted 2 weeks. Each age group was divided into six equal sub-
groups which received the following treatment; 1, basal ration alone; 2,
basal ration + 0.1 per cent thiouracil,* 3 to 6, basal ration + 0.1 per cent
thiouracil as feed and d,1-thyroxinet administered subcutaneously in increasing
amounts. The solution of thyroxine was prepared so that 0.1 ml. contained
the daily dosage.
The chicks of all age groups were kept in a basement animal-room with
limited diffused daylight. The temperature was controlled within the limits
of 82° to 870 F. by thermostat. The younger chicks were also furnished
supplemental heat as required by normal management. Electric lights were
kept on from 7:30 A. M. to 9:00 P. M. The earliest age group 0-2 weeks
was started in March and the 12-week-old group finished in June.
Experimental results
Norml thyroidweight of growing White Leghorn cockerels: In
the absence of data upon the rate of secretion of the thyroid gland,
it has been of interest to determine the relation of increasing body
weight and thyroid weight with age. Data on a number of mam-
malian species indicate that thyroid weight does not increase as
rapidly as body weight but rather from the 0.7 to 0.9 power of body
weight. Thus in the guinea-pig, Mixner, Bergman, and Turner7
reported that the b exponent in the relative growth equation for the
* The thiouracil was furnished by the Lederle Laboratories, Pearl River, New
York, through the kindness of Dr. R. L. Mundhenk.
t The d,1-thyroxine used was extracted from thyroprotein by Dr. E. P. Reineke
by the method described by Reineke and Turner.10
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male was 0.73 and for the female was 0.83. In the New Zealand
White rabbit the thyroid weights of the two sexes were grouped
together with an exponent of 0.88 resulting (Kibler, Bergman, and
Turner5).
The present data on White Leghorn cockerels were studied simi-
larly. The equation representing this relationship is Y (thyroid
weight) = 0.258 X 0.804 (body
weight with increasing age) 200
covering the period from 2
to 12 weeks of age (Fig. 1) 100
Thus the growth of the avian ,
thyroid gland in this case ap- 3s _ lb0
*0 pears to follow essentially the o +
same rate of development in 00$
relation to growth of the body >:-
as was observed in several lo:
mammalian species. 5
Thyroid gland weight as
influenced by thiouracil: Mix- 2
ner, Reineke, and Turner8 ob- FE
served that the addition of I. Ia. . A
thiouracil to the feed or drink-
30 50 100 Soo 1000 BODY WOGHT, X, GRS
ing wa.ter caused marked hy- FIG. 1. Relation of thyroid weight to body
peremia and enlargement of weight with increasing age of White Leghorn
the thyroid gland in many
breeds of chickens. It was further observed that 0.1 per cent of
thiouracil in the ration caused maximum enlargement of the thyroid
glands of White Plymouth Rock chicks during the test period of the
first 2 weeks. As White Leghorn chickens are presumed to have a
more active thyroid gland, it was thought possible that this breed
would require larger amounts of thiouracil to suppress the thyroid
glands. However, when increasing amounts of thiouracil were
added to the radion, the weight of the thyroid per I00 gm. of body
weight of the group fed 0.1 per cent exceeded all other groups.
When 0.4 and 0.8 per cent ofthiouracil were fed there were definite
indications of reduced thyroid weight per 100 gm. of body weight
(table 1).
In the assay of thyroxine secretion of chickens of progressively
greater age, the question arises whether 0.1 per cent of thiouracil is
adequate to depress the thyroxine secretion of birds of all ages. A
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comparison of 0.1 and 0.6 per cent at 9 weeks and 0.1, 0.2, and 0.4
per cent of thiouracil in the feed of 12-week-old chickens indicated
that the 0.1 per cent level was sufficient (table 1).
TABLE 1
THYROID GLAND WEIGHT AS INFLUENCED BY THIOURACJL
Age of chicks Length Thyroid
at end of of time weight per
thiouracil thiouracil Thyroid 100 gm. body
Thiouracil in feed feeding wasfed weight weight
No. weeks weeks mg. mg.
Control 30 2 2 7.8 10.7
.1 19 2 2 22.3 35.6
.15 13 2 2 14.4 22.1
.2 10 2 2 19.9 31.7
.4 15 2 2 13.3 20.1
.8 10 2 2 12.1 18.7
Control 9 9 2 51.1 7.9
.1 10 9 2 165.7 24.3
.6 6 9 2 118.8 17.5
Control 9 12 2 64.7 6.0
.1 9 12 2 204.0 20.2
.2 10 12 2 216.6 21.2
.4 9 12 2 239.2 22.1
,1O% for first 4 weeks 5 8 8 500.4 119.4
.2% for last 4 week
.1% for first 4 weeks
.2% for next 2 weeks 5 8 8 504.0 118.9
.4%o for last 2 weeks
.1 for first 4 weeks 5 8 8 327.0 95.2
.2%o for next 2 weeks
.6%o for last 2 weeks
In an experiment covering 8 weeks, varying amounts of thioura-
cil were added to the ration. In one case 0.1 per cent was fed for
the first 4 weeks and 0.2 per cent was fed for the last 4 weeks. The
average thyroid weight of the birds indicated again no advantage of
morethan 0.1 and 0.2 percent ofthiouracil inthe ration even overan
extended period. This work does indicate that there is progressive
increase in the size oftheithyroid gland per 100 gm. of body weight
with continued thiouracil feeding beyond two weeks. However, as
the difference in thyroid weight per 100 gm. of body weight of the
chicks fed thiouracil in comparison to the normals was rather wide,
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the advantage of the 2-week test period was thought to offset any
advantage which would come with greater size of thyroid in this
breed.
Rate of thyroxine secretion in normal, growing chickens: The
technic employed to determine the average rate of thyroxine secre-
tion ofgrowingWhite Leghorn cockerels consisted in feeding 0.1 per
cent thiouracil to inhibit the secretion of thyroxine of the thyroid
gland. The average thyroid weight per 100 gm. of body weight of
such birds showed a marked increase in comparison to the normal
thyroid. Then, increasing amounts of d,1-thyroxine were injected
into other groups of chicks fed 0.1 per cent thiouracil. The added
thyroxine, inhibiting the secretion of the thyrotrophic hormone,
caused the thyroids to return to normal weight or below, the decrease
being proportional to the size of the thyroxine dosage. By plotting
these data (Fig. 2) the normal secretion rate was considered to be
the point at which the descending line of the thyroid weight with
increased thyroxine injection crossed the line of normal thyroid
weight.
As would be expected,
the average daily thyrox-
ine secretion per chick in-
creased with increasing age
and bodyweight (table 2).
At the end of 2 weeks
when the chicks weighed
70.7 gm., 1.95 micrograms
of d,l-thyroxine were re-
quired to restore the thy-
roids to their normal
weight. At 4weeks, when
the chicks weighed 148.3
gm., thethyroxine require-
ment was 3.83 micrograms
daily. The amount ofthy-
roxine needed to return
the thyroids of the thiou-
racil-treated chicks to a
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FIG. 2. Method used in plotting data to determine
thyroxine secretion rate in d,l-thyroxine equivalent.
Data shown are for 4-week-old White Leghorn cockerels.
normal thyroid weight increased regularly until at 12 weeks, and at
an average body weight of 1008 gm., 16.5 micrograms of thyroxine
were required, indicating an average daily secretion of an equivalent
2732'74 YALE JOURNAL OF BIOLOGY AND MEDICINE
4 0~~~~~~~~~~~~~~~~~4
Q~~~~ '* t~~~~~~~~~~ - t~~~~~~~-
'J~~~01-~~~ ..~c0 >J
06 W bObO
0N O 0 *C> - 4
'* b 04).-
0. C 0) \E* (1 L
~
C4~
la ~ ~ ~ ~ ~ ~
Cl-C>4
bo eq 7f
% 4- el% t4" %0 -I No
C>~~~~~~~~C
4)~~~~~~~~~~~~~~~~~) 4
CO)
4) )4
+~~
14
ex ,
x
14
0
z
0
0
Z
1-4
z
0
1-4Z
CP 14
0
H00 00
C4
co
00
06
V C) 4) (N
cli 06
010 NO 00
'No
cn
60.W
4-A
1-
0-275 RATE OF THYROXINE SE-CRETION IN FOWL
c>^2<~~~~~~~~~~~~~~C
dl 0i t ; t4l _ i ,g }|
Zg+ +8,;oe, g+ +g 0+YALE JOURNAL OF BIOLOGY AND MEDICINE
amount of hormone. It was apparent from an examination of the
data on the individual chicks, that within the same age group under
each dosage of thyroxine, the larger chicks possessed larger thyroids
than the smaller chicks, indicating that at any given age the larger
chicks were secreting more thyroxine than were the smaller chicks.
Whether the greaterbodyweight wasduetothe more active thyroids
of such chicks or to the greater thyroxine production due to their
greater size per se is an interesting problem requiring further study.
In the previous section, astudy was presented indicating the rela-
tionship between increasing body weight with age and thyroid
weight. It seemed of interest to determine similarly the relation
between increase in body weight with age and thyroxine secretion.
The equation representing this relationship is Y (d,1-thyroxine)
0.055 X0.' (body weight, with increasing age) covering the period
from 2 to 12 weeks of age (Fig. 3). It should be understood that
this equation applies only to the environmental conditions described.
The exponent 0.85 of the equation indicates that the rate of secretion
of thyroxine increases less
loo rapid1y, proportionally,
than body weight in-
creases, but approximately
cc at the same rate as the thy-
_ roid gland weight (ta-
> a S ~~~~~~~ble 3) > bleAs arough-correctionfor
theincreasingbodyweight,
CC>C 3 Athyroxine secretionwithin-
>c >S¢/ creasing age may be com-
e / puted for each 100 gm. of
X' '';~o ~ bodyweight. On this basis
l0 BW 0 14o x,0 G0 . it is observed that the 2-
BOYWEIGHT, X, GRAMS week-old chicks secreted
FIG. 3. Relation of thyroxine secretion rate in daily 2.76 micrograms per
d,I-thyroxine equivalent to body weight with in-'bd
creasing age in White Leghor cockerels. 100 gm. of body weight,
4-week-old chicks, 2.58
micrograms, and at each interval progressively less thyroxine
per 100 gms. of body weight until at 12 weeks only 1.64 micrograms
of thyroxine per 100 gm. of body weight were produced (table 2).
It should be noted that the decrease in thyroxine secretion per 100
gm. of body weight occurred with determinations made on the
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2-week-old group in March and with the oldest group, 12-week-old
ending in June. The other determinations were made at progressive
ages during this interval.
Discussion
The discovery that chemical compounds related to thiourea have
the propertyof preventing thesecretion ofthyroxine bythe epithelial
cells of the thyroid gland provides a new tool for endocrine investi-
gation without drastic surgical intervention. The present study is
the first to explore the usefulness of thiouracil in the development
TABLE 3
CALCULATED THYROXINE SECRETION OF GROWING WHITE
To 12 WEEKS OF AGE
LEGHORN COCKERELS
d,l-thyroxine
Body Weigh; d,1-thyroxine micrograms/ilO gm.
gm. microgrms* body wt.
50 1.51 3.02
100 2.71 2.71
150 3.81 2.54
200 4.86 2.43
250 5.87 2.35
300 6.85 2.28
400 8.74 2.19
500 10.54 2.11
600 12.30 2.05
700 14.03 2.00
800 15.70 1.96
900 17.34 1.93
1000 18.97 1.90
* Calculated from equation Y = 0.05 5 X085.
The possible influence of season aside from environmental temperature is recog-
nized but more experimental work must be conducted before the various factors
involved in seasonal rhythms can be evaluated in domestic fowls.
of technics suitable for the measurement of normal thyroxine secre-
tion in growing animals. The domestic chicken has been selected
because of the ease of obtaining large numbers, the availability of
standard rations and equipment and, especially, the presence of
differences in type, conformation, growth rate, and egg production
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in the various breeds which have been thought to be due, in part, to
differences in thyroid activity.
The method used to measure thyroxine secretion by the thyroid
gland of the growing chicks appears to have real possibilities with
increasing experience in its use. A number of factors which may
influence the results are yet to be explored. For example, the influ-
ence of the frequency of thyroxine injection must be determined.
Possibly more frequent administration during the 24-hour period
would more nearly approach physiological conditions. The influ-
ence of light, temperature, humidity, seasonal rhythms, etc. must be
studied. Unpublished data of Reineke and Turner indicate that
there may be a seasonal variation in the responsiveness of the thyroid
glands of 2-week-old chicks to thiouracil. Larger thyroid glands
were obtained in the fall and winter than during the spring. This
occurred in spite of the maintenance of relatively uniform environ-
mental temperature.
Therelation ofthe nutritive condition of the animal to thyroxine
secretion is another phase of the work which offers promising possi-
bilities for study.
Our experience indicates that the general well-being and appetite
of mammals and birds being fed thiouracil and thiourea is of great
importance in relation to the weight which the thyroid gland attains.
This only further confirms the observations of Mulinos and Pomer-
antz' and of Stephens"2 in regard to the sensitivity to the nutritive
state of the anterior pituitary in the secretion of thyrotrophic
hormone.
In estimating the actual thyroxine secretion of the thyroid gland
it should be recognized that only 1-thyroxine is produced by the
gland. The comparison of 1- and d,l-thyroxine in our laboratory
(Reineke and Turner), using chicks as experimental animals, indi-
cates that the d,1- form is only one-half as active physiologically
as is the 1- form. Thus, the amounts of thyroxine indicated in this
study where the d,1- form was used are twice the natural secretion
of 1-thyroxine by the thyroid gland.
The dose relation between the increase inthyroid weight and the
increase in thyroxine secretion with increasing body weight with age
is of great interest. If further study confirms this observation in
birds, the weight of the thyroid gland would become of increasing
significance as a measure of thyroid physiology. Seasonal variation
in the thyroid size of pigeons (Riddle and Fisher11) and of fowls
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(Galpin2) has been described. In both species the thyroid weights
declined during the summer months. In mammals the storage of
colloid, duringperiodsoflow thyroid activity (summer) would prob-
ably unfavorably influence the relationship.
Comparison of the carcasses of normal chicks with those fed
thiouracil alone indicates thatthe feeding ofthis material fora period
as short as two weeks causes an appreciable increase in body fat and
an improvement in the general condition of the bird. In the experi-
ments where thiouracil was fed for 8 weeks, the body conformation
had been altered to a considerable extent. The long bones were
shorterand a more compact bodywas produced. Much subcutaneous
and visceral fat was present.
While the White Leghorn is normally a breed with fast-grow-
ing feathers, the inhibition of the thyroid glands caused a marked
reduction in the rate of feather growth. This observation in connec-
tion with the converse, that the feeding of thyroprotein (Irwin,
Reineke, and Turner4) stimulated the rate of feather growth in the
Plymouth Rock points to the important influence of thyroxine upon
the growth of feathers.
Summary
Determination of the number of micrograms of d,1-thyroxine
necessary to restore the thiouracil-induced enlargement of the thy-
roids of White Leghorn cockerels to normal size for groups varying
from two weeks of age to 12 weeks of age was made.
For the 2-week-old group 1.95 micrograms per chick daily were
required; for the 4-week-old group 3.83 micrograms; for the
6-week-old group 7.55 micrograms; for the 7-week-old group 1 1.35
micrograms; for the 9-week-old group 14.4 micrograms; for the
12-week-old group 16.5 micrograms.
These amounts are assumed to approximate the rate of thyroxine
secretion in groups of these ages in terms of d,1-thyroxine.
Over the time interval in which these determinations were made
and underthe conditions of the experiment, there is adecreasing rate
ofthyroxine secretion per 100 grams of body weight. This relation-
ship can be expressed by the equation Y (d,l-thyroxine) = 0.055
X0 85 (body weight, with increasing age from 2 weeks to 12 weeks).
It was generally apparent that the chicks receiving 0.1 per cent
of thiouracil in their feed for two weeks showed more body fat than
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other chicks on the same ration but receiving no thiouracil. This
seems to indicate that the inhibition of thyroxine secretion for two
weeks by thiouracil accelerates the fattening process.
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